The past few years have seen a highly charged debate about whether contingent valuation (CV) surveys can provide valid economic measures of people's values for environmental resources. In an effort to appraise the validity of CV measures of economic value, a distinguished panel of social scientists, chaired by two Nobel laureates, was established by NOAA, to critically evaluate the validity of CV measures of nonuse value.
List of
The evaluation was conducted within the specific context of the assessment of natural resource damages due to releases of hazardous substances or oil into the environment, but has general applicability to the use of CV. 4 The Panel provided an extensive set of guidelines for CV survey construction, administration, and analysis. In the Panel's view, " . . . the more closely the guidelines are followed, the more reliable the result will be" [Arrow et al., 1993, p. 4609] . In addition, the Panel distinguished a subset of items from their guidelines for special emphasis and described them as burden of proof requirements. In describing the elements with this special focus, the Panel stated:
". . . if a CV survey suffered from any of the following maladies, we would judge its findings 'unreliable':
• a high nonresponse rate to the entire survey or to the valuation question contingent valuation comes up short. Contingent valuation proponents typically claim that the surveys used for these tests were not done well enough. Yet they have not subjected their own surveys to such tests (p.62, bracketed terms and emphasis added).
2 The Panel included, in addition to Arrow and Solow, Edward Leamer, Paul Portney, Ray Radner and Howard
Schuman. Their report, Arrow et al. [1993] , was published in the Federal Register Jan. 15, 1993, 4601-4614. 3 To better understand the context for the NOAA Panel, it is useful to recognize the long history of contingent valuation. The method was first proposed in 1947 and its first reported application was by Davis [1963] in his Harvard Ph.D. dissertation on the economic value of recreation in the Maine woods. Numerous applications of the method to various public goods and studies of its methodological properties were conducted in the 1970's and 1980's both in the United States and, increasingly, in other countries. A review of the theoretical and empirical basis of contingent valuation at the end of this period is presented in Mitchell and Carson [1989] . A recent contingent valuation bibliography [Carson et al., 1994] contains over 1600 references to books, articles, and reports on the method. Brief histories of CV can be found in Portney [1994] and Hanemann [1994] .
4 For discussion of the background for the NOAA panel see Portney [1994] and Campbell [1993] .
• inadequate responsiveness to the scope of the environmental insult
• lack of understanding of the task by the respondents
• lack of belief in the full restoration scenario
• 'yes' or 'no' votes on the hypothetical referendums that are not followed up or explained by making reference to the cost and/or the value of the program" [Arrow et al., 1993, p. 4609] The second item in this list, "inadequate responsiveness to the scope of the environmental insult," has attracted the most attention and is regarded by many as an acid test for CV studies.
The demonstration that CV results are responsive to different levels of the environmental insult has come to be called a scope test.
Given these guidelines and burden of proof requirements, the Arrow-Solow Panel concluded its report noting that:
. . under those conditions (and others specified above), CV studies convey useful information. We think it is fair to describe such information as reliable by the standards that seem to be implicit in similar contexts, like market analysis for new and innovative products and the assessment of other damages normally allowed in court proceedings. In addition, we describe the findings from a coordinated program of study that was structured to address CV design questions posed by the Panel as requiring further research.
Since these unanswered questions bear on CV design, they had to be addressed prior to the design and execution of the full study described below. The design questions concern the effects of: the timing of the survey in relationship to the events giving rise to natural resource injuries (e.g., oil spills); the role of a "would-not-vote" option in a referendum style CV question; and the impact of interviewer effects and what the panel described as "social desirability bias" for in-person, referendum style CV surveys.
II. BACKGROUND, NOAA PANEL GUIDELINES, AND SURVEY DESIGN
In what follows, we summarize selected results from four CV surveys, all based on inperson interviews with a combined total of over 5,000 observations. all the details associated with the specific elements of the natural resource injuries presented in each of the three survey instruments used in our research program.
7 Economic values are constructed for objects of choice under particular circumstances of choice. From the analyst's perspective, the object of choice is the thing for which an economic value is desired. Objects of choice may be quite general and extend far beyond our normal conception of private goods sold in markets. Objects of choice can be public goods like local police protection, ambient air and water quality, or species and habitat protection. But the list does not stop here. Objects of choice can be any tangible or intangible object, process or activity that can be described in a way that allows a choice to be fashioned.
8 A more complete discussion of the design of these two surveys is available in Carson et al. [1994] . Base and scope are terms used to identify the two survey instruments, where the magnitude of the injuries described to respondents was smaller in the scope instrument than the base instrument. Copies of the base and scope questionnaires are available on request.
The survey questionnaire was designed to estimate prospective interim lost use value (where use value was defined to conform to the definition offered by the Court of Appeals to include passive use values) for losses due to the injuries to natural resources caused by DDT and PCB's released into the South Coast, an area near Los Angeles, lying within and along the northern part of the Southern California Bight. Four species in this area were described as impacted by the DDT and PCB's in the sediment in the area --two of birds --Peregrine Falcons and Bald Eagles and two of fish --White Croaker and Kelp Bass. Carson et al. [1994] for the description of the injuries. d For the scope scenario only the two fish species were described as injured.
e These pretests were conducted to evaluate the instructions used with the design variations e.g. ballot box, and would-notvote and composite versions of the questionnaire, not to evaluate framing. Each of the four surveys summarized in Table 1 describes a specific plan to undertake actions intended to affect one or more environmental resources. As a result, the object of 9 The intention is to describe plans that closely resemble what could be the actual practice of delivering the intended object of choice. In fact, in the case of the Alaska survey, a plan was adopted that closely resembled what was described in the survey and it had the intended effect of avoiding future spills. A March 20, 1993 Los Angeles Times article on oil spills noted that the closest call since the Exxon Valdez was in October 1992 when a tanker, Kenai, had problems with its steering system but avoided pulling up on a rock due to the presence of an escort tug, similar to the one described in the plan proposed in the Alaska survey.
choice is a change in the environmental resource arising through the activities described in a specific program or plan. This design element focuses respondents' attention on a "bundling" of the proposed change in the resource(s) with the plan. It provides a mechanism that connects the object of choice to the payment in a format, judged through qualitative research conducted as part of the CV design, to be plausible and legitimate. 10 It is through this plausibility and legitimacy that CV practitioners seek to insure that each respondent takes seriously the implied financial obligation associated with his or her choice.
In addition to a brief sketch of the objects of choice, Table 1 describes the target population and a few salient features of the research design. The development of each questionnaire involved focus groups, cognitive interviews, and pre-tests in an effort to improve the respondents' understanding of the choices they were asked to make. Pilot surveys were conducted prior to the main survey to evaluate the field performance of the instrument, to evaluate the design selected for the tax amounts (a referenda format was used to elicit values), and to test specific hypotheses bearing on the final instrument design. Four pilots were conducted for the Alaska survey and the base version of the Southern California surveys. For example, one Alaska pilot survey investigated different payment vehicles (i.e., income taxes versus higher oil prices). In the Southern California survey, a split sample pilot investigated the effect of the timing of natural recovery. Another considered the impact on WTP of one less 10 The design stage of the CV surveys developed each choice question as part of a sequence of qualitative and quantitative activities including: multiple focus groups, one-on-one cognitive interviews, pre-tests, and pilot studies. These efforts helped the CV designers understand how the plan should be described, the issues involved in interpreting specific wording as well as the assessment of the field performance of each version of the survey instrument. This extensive development process also helped to assure that respondents understood the object of choice as intended and connected the proposed payment for the plan to that object.
species, when a potentially important bird species, Brown Pelicans, was dropped from the list of injured natural resources. While both the Alaska and the Southern California surveys had four pilots, the development process, objectives of each pilot, and time sequencing of activities were quite different. Quantitative and qualitative aspects of these pilots and the pretests document activities consistent with the Arrow-Solow Panel's recommendations, including: required pretesting of the questionnaires; judgments associated with adopting a conservative design in the wording; pretesting of photographs and visual aids; and initial checks on understanding and acceptance of information associated with each plan serving as the object of choice.
The Arrow-Solow Panel recommendations for reliable CV surveys can be conveniently divided into three groups: general guidelines, guidelines for value elicitation surveys, and goals for value elicitation surveys. The first column of Table 2 irrelevant (I); and unable to be evaluated due to the study design (designated with -).
The remaining sections of this paper will focus more specifically on items Id, IIg, IIh, and IIj of Table 2 as well as the important burden of proof requirements (IIIg). The other items in Table 2 are resolved largely by inspection of documentation underlying the activities b Six designations are offered --satisfied (S), not-satisfied (N), judgmental evaluation as satisfied (J), tested with the NORC survey (NORC), irrelevant (I), and unable to be evaluated due to the study design (designated with -).
summarized in Table 1 , the questionnaires, and the detailed reports describing the questionnaire design, sampling procedures, verbatim records, and interviewer responses [see Carson et al., 1992; and Carson et al., 1994] . All the surveys involved personal interviews using professional interviewers, conducted by two of the leading survey research groups in the US --Westat of Rockville, MD for the Alaska and Southern California surveys, and, as noted, the National Opinion Research Center at the University of Chicago for the NORC study.
The NORC study was undertaken to examine the three issues identified earlier as unresolved questions raised in the Arrow-Solow report that would bear on CV survey design.
This study consists of four separate surveys based on the earlier Alaska questionnaire, including: (1) Following the Panel's recommendation, a referendum style, stated choice CV question was used in all surveys. All surveys explicitly mentioned the alternative uses of the resources and the proposed cost of the plan prior to eliciting the stated choice for each plan. Each survey asked respondents follow-up questions after their vote was recorded (IIi.). In all surveys, respondents voting for the plan were given opportunities to reconsider their votes and change from a yes to a no, and were also asked if they felt the interview's descriptions and process "pushed" them to vote in a particular way. In the Southern California survey, specific attention was given to the other areas of Southern California where the four injured species (two fish --White Croaker and Kelp Bass --and two birds --Bald Eagles and Peregrine Falcons) could be found (IIe.). 
III. THE NORC STUDY
The 1993 replication of the Alaska survey examined the temporal reliability of CV based WTP estimates, the introduction of a "would-not-vote" option within a referendum style value elicitation format, and the potential for a social desirability bias. Because the original Alaska questionnaire and tax amounts were unchanged in the NORC survey, it is possible to test the temporal stability of economic values with simple contingency tables, avoiding the introduction of other maintained assumptions about the functions governing respondents' answers to stated choice questions. Table 3 Like the test of temporal reliability, the χ 2 tests of the "would-not-vote" option, using a conservative recoding of "would-not-vote" and "not sure" responses as against the plan, and the results with the secret ballot (designed to reduce the likelihood that someone would report support for the program to please the interviewer), strongly support the position that offering a respondent a "would-not-vote" option has no effect on WTP derived from stated choices in CV surveys of the type characterized by the Alaska and NORC questionnaires. This same conclusion can be drawn in the case of the "ballot box" version designed to test potential for distribution functions based on interval censored data. Assuming discrete choice referendum questions with a single take-it-or-leave-it question design, using tax amounts (t j ), allow respondents to be sorted for these amounts into two groups, defining the distribution function. Turnbull demonstrated how these frequencies can be used to develop an estimate of the distribution function. The lower bound mean (LBM) uses this estimate to compute the mean using the lower bounds of each interval as: LBM = 0 Prob (0 WTP < t 1 ) + t 1 Prob (t 1 WTP < t 2 )+ . . . + t k-1 Prob (t k-1 WTP < t k )
It was first proposed in Carson et al. [1994] . For an introduction to the method with illustrations see Haab and McConnell [1995] .
social desirability bias with in-person interviews. While the composite version of the questionnaire, combining the ballot box and the would-not-vote options suggests that a difference in voting patterns for the $10 tax amount, this difference is not large enough to lead to a significantly different estimate for the Turnbull lower bound mean WTP from the interaction version. The estimate with the composite version is $50.61 (4.05).
The last component of our test involved the sensitivity of the original specification of the choice equation used in the 1991 Alaska study to describe the influence of economic, demographic, attitude, information, and plan related variables on the stated choices. These models offer a means to evaluate the construct validity of CV responses. As such, it is important to consider whether these issues in question design affected conclusions about construct validity.
Overall these test results suggest no significant differences. 14 Based on the analyses described above, the final questionnaire design for the Southern California CV study did not offer a "would-not-vote" option and assumed that there would be no social desirability bias.
14 Multinomial logit models were also estimated to test the implicit restrictions on the effects of economic (e.g. tax amount and income), demographic, and attitudinal variables due to recording "would-not-vote" responses as against the plan. The null hypothesis of equal effects of these factors could not be rejected. (A detailed summary of these results is provided in Carson et al. [1996] ). Moreover, multivariate models estimated using respondents' choices in the original sample and the NORC replication treatment did not, for the most part, identify significant differences in the factors influential to stated choices. Several different models, including different estimators (i.e. probit, single-bounded survival, and double-bounded survival), and treatments for the repeated sample were considered. Both multivariate probit and survival model estimates corresponding to the specification of the survival model reported in Carson et al. [1992] with a dummy variable identifying the new survey in 1993 indicated no significant difference between the two samples. A second specification with the dummy for the new sample interacted with all specified determinants also suggested no difference in the effects of most determinants. Only the effect of a variable indicating concerns about coastal oil spills was found to have a significant difference with probit and the simple (single choice) survival model. Thus, these results generally support the conclusion that the choices and the conditioning effects of the principal determinants remained stable between the 1991 and 1993 samples. A detailed summary of these results is provided in Carson et al. [1996] . a NR -cannot reject null hypothesis; R -Reject null hypothesis at most conventional levels for p-value.
IV. BURDEN OF PROOF EVALUATION FOR THE SOUTHERN CALIFORNIA CV SURVEY

Scope
One of the most important aspect of the Arrow-Solow Panel's burden of proof requirements is the proposed test for scope. This test requires a demonstration that stated choices for different amounts of the environmental resource(s) have different implied monetary values. As Table 1 suggests, this test was an integral component of the design of the Southern California study. In the base survey, four animal species --two birds (Bald Eagles, Peregrine Falcons) as well as two fish (White Croaker and Kelp Bass) --were described as having reproductive problems in the South Coast area and respondents were told that these species would recover naturally from these problems in 50 years. The survey testing for sensitivity to scope identified only the two species of fish (White Croaker and Kelp Bass) as having reproductive problems and suggested natural recovery would take 15 years. In each case, an accelerated recovery plan was offered that would take 5 years to eliminate the source of these problems (PCB and DDT contamination off the coast). Thus, the object of choice in the base survey was a plan to mitigate the reproductive problems of four species within 5 instead of 50 years and in the scope survey to accomplish this objective for two species, in 5 instead of 15 years. Economic theory would suggest that the monetary measure of the larger object of choice (base survey) should exceed that for the smaller one (scope survey).
Three separate tests of the responsiveness of stated choice estimates of WTP to the scope of the injuries presented in the Southern California survey were undertaken. The least restrictive tests are the simple contingency tests comparing the stated choices in the base and scope samples. Table 4 presents these tests at each of the tax amounts used in the Southern California survey. 15 There is unambiguous support for a difference in stated choices between the two samples. Moreover, the direction of the difference, with more votes for the plan in the base inquiry description, reveals a greater monetized value for the larger base than the smaller scope object of choice.
This conclusion is confirmed by the results of the two additional tests, also reported in Table 4 . The first compares the Turnbull lower bound mean for WTP in both the base and scope samples. Both a simple test for differences in these means and a likelihood ratio test for differences in the non-parametric estimates of the distribution confirm significant differences in the base and scope samples. Simply put, people are willing to pay more for more significant programs. These differences were consistent with our a priori expectations. 16 It is also possible to evaluate whether, following their stated "votes," the respondents in the base and scope samples reported different perceptions of the seriousness of the injuries in each case. This difference is important because at the time of their vote, the respondents in each sample were not aware of the alternative (larger or smaller) injury description. This evaluation of severity was based on an attitude question asked after the CV choice. For the base questionnaire it was:
All things considered, would you say the fish and bird reproduction problems I told you about in the South Coast were not serious at all, not too serious, somewhat serious, very serious, or extremely serious?
15 The contingency table tests were performed on the respondent voting patterns after each respondent who voted for the plan had an opportunity to reconsider (change) his or her vote. These same tests have also been conducted using the respondent voting patterns prior to the reconsideration of their vote. This second test yields the same conclusion as the test reported in Table 5. 16 We fit a variety of parametric survival functions to the responses. The last component of The Panel requires that respondents display an understanding of the task (i.e., the choice to be made) and believe that the restoration plan will lead to full restoration of the injured resources. To collect information responsive to this requirement, open-ended questions were incorporated in the interview. Interviewers were instructed to record respondents' answers as completely as possible on the questionnaire. These responses are referred to as verbatims.
During the first part of the interview describing the accelerated recovery plan and injuries, respondents were periodically asked if they wanted material repeated. Those who responded "yes" were asked to describe what they would like repeated. These responses offer information 17 In addition, the scope survey included an additional question at the end of the interview asking respondents if they would consider the reproduction problems more serious if they impacted bald eagles and peregrine falcons in addition to the fish. Seventy-four percent responded yes to this question.
about respondents' reactions and understanding. After hearing descriptions of the bird and fish reproduction problems, respondents were asked if they wanted information repeated. 96 percent answered "no." Of the 62 respondents answering "yes," most wanted information about aspects of the situation that were covered later in the interview.
After the description of the accelerated recovery plan, respondents were asked if they had questions about how it would work, as well as (in a separate question) if they wanted more information about either the accelerated recovery program or natural recovery. About 14 percent of respondents (257) The Panel's burden of proof requires that follow-up questions be asked to assess reasons for a respondent's stated choice. Immediately following the choice question, respondents were asked why they voted for or against the plan. 18 Table 5 summarizes the distribution of verbatim responses for those voting for and against the plan. The majority of those respondents favoring the plan cite reasons related to the accelerated recovery of the injured species. Similarly, those opposing the plan identify other priorities or cost of the program.
18 It is useful to note that this recommendation of the Arrow-Solow Panel reflected the established practice of using such follow-up questions during the survey design and development stage as discussed in Carson et al. [1992] . While not part of the Arrow-Solow Panel burden of proof, it seems natural to require that stated choices be responsive to economic, demographic, and attitudinal variables in ways that agree with a priori expectations (as one would expect to find with revealed preference responses). Table 6 reports a simple probit model that evaluates whether stated choices (votes from the base survey) are linked to respondents' characteristics and attitudes in predictable ways. 
